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(54) Tide: SHOE FOR EXPANDABLE LINER SYSTEM 




(57) Abstract: An apparatus to protect the mounting area of casing when subsequently attadung a 
tubular is disclosed. A sleeve (20) tliat defines a sealed cavity (28) having a loose incompressible 
material (30) inside covers the mounting location on the casing. The cementing of the casing takes 
place through the sleeve. After the cementing, the sleeve is drilled out and the incompressible ma- 
terial is removed to tlie surface with the drill cuttings. A tubular (66) is inserted in the casing and 
is preferably expanded into sealing contact with the mounting location on the casing. At the end of 
expansion, die nm in shoe (84) on the tubular is retrieved. 
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APPUCATION FOR PATENT 

Inventors: Midiael A, Cannody; Matflicw L Jabs; Harold E. Payne; 
and Mark K. Adam 

Tide: Shoe for B?q)andable Lino- System 

FIELD OF THE INVENTION 

[0001] Hie field of this invention is tlie method of runnmg a tubular in^de 
cas ing and securing it and more particularly to tedmiques for protecting the mounting 
location fi>r the tubular on fiie casing as tiie casing is cemented. 

BACKGROUND OF THE INVENTION 

[0002] Figure 1 is illustrative of fte prior tedmiques of rumung m casing witti 

a casing shoe 16 near its low end If latv a tubular is nm m and needs to be atto 
to the ca^g by e3q>ansicm, the presCTbe of cem»t de^ 

casing wbsxc the tubular will be attached could prevent a sealed connection fiom 
bemg obtamed One wety around that would be to delivo* the cement into a shoe 
mounted below the pomt at which the Imer will be attadsed latw. Anodier method 
would be to run brushes and scrapers bto the mounting location after cementing to be 
sure it was clean so tiiat a good seal and support for the tubular subsequently installed 
can be obtamed However fliese tedmiques requue significant amounts of time and 
create an associated cost 

[0003] The present mvcntion protects tiie mounting locati(m on the casing 
during cematmg witii a sleeve that covers a recess. The sleeve defines a sealed 
annular space that contains an mcompressible material This allows the sleeve to be 
compliant to changes m hydrostatic pressure as tiie casing is lowered mto place. 
Cemrating is done througli the sleeve. The sleeve is subsequently drilled out exposmg 
a recess and a locating groove. The tubular can ttim be positioned accurately and 
expanded in to sealing contact mib tiie casmg. Due to tiie recess, tiie drift diameter of 
tiie tubular o&er expsmAon mto tiie recess is at least as large as ttie casing drift 
diameter. The entire tubular can be e3q>anded to its lower end and a run m shoe at the 
lower end of the tubular can be retrieved and removed fixnn tiie well witii tiie swaging 
assembly and tiie runnmg string tiiat delivered it These advantages and otii^ of the 
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present invention will be readily appreciated by tiiose sidlled in the art fi?oni a review 
of the desmption of tiie p^ferred embodimoil and the claims ttiat qipear below. 

SUMMARY OF THE mVENTIQN 

[0004] An ^paratus to protect the mounting area of casing whra subsequcQtly 
attaching a tubular is disclosed. A sleeve that defines a sealed cavity having a loose 
incompressible material inside covers the mounting location on tfie casmg. The 
cementing of the casing takes place througji the sleeve. After the cementing, tibe 
sleeve is drilled out and tiie incompressible material is removed to tiie sur&ce mtfa fte 
drill cuttings. A tubular is insoted in the casnig and is preferably expanded into 
sealing contact with the mounting location on the casmg. At tiie aid of expansicxi, the 
run in shoe on the tubular is retrieved. 

p ffrATT,Rn DESCRIPTION OF THE DRAWINGS 

[0005] Figure 1 is a prior ait production cashig illustrating a standard casmg 
shoe at tiie lower end; 

[0006] Figure 2 diows a production stimg witii tiie shoe track of ttie present 
mvention; 

[0007] Figure 3 shows the production casmg with tiie shoe track of die present 
invention run mto tiie wellbore; 

[0008] Figure 4 is tiie view of Figure 3, after cementing; 

[0009] Figure S is die view of Figure 4 showhig the ^oe track exposed afi^ 
drillout and the wellbore esctended below the production casing; 

[0010] Figure 6 is tiie view of Figure 5 showing the reammg of tiie extension 
bore just drilled; 

[0011] Figure 7 is a close up view of the now oq)osed shoe; 

[0012] Figure 8 shows tiie liner run in on a running tool and in position to be 
expanded; 
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[0013] Figure 9 is tiie view of Figure 8 indicating the inidai stroking of the 
swagCk Yibkh results in release from the running tool; 

[0014] Figure 10 is the view of Figure 9 showing the anchor released and 
wei^ being set down to reposition for ttie next stroke of the swage; 

[0015] Figure 11 is the view of Figure 10 showing the next stroke of the 
swage; 

[0016] Figure 12 is the view of Figure 11 showmg the swage advancmg 
toward the lowor end of the Imer, 

[0017] Figure 13 is the view of Figure 12 wifli the swag^ now engasmg the 
running shoe of the Imer at its lower end; 

[0018] Figure 14 is the view of Figure 13 wife the Imer fully expanded and flie 
swage being rraioved with the nmnmg ^oe by wiOidrawmg the running tool from the 
fiilly expanded linei^ 

[0019] Figure 15 is a close up view of the sleeve protecting the recessed shoe 
during cementing; 

[0020] Figures 16a*16b show flie capture of the guide nose assembly; 

[0021] Figures 17a-17b show the shearing out of the guide nose assraibly 
fiom the tubular or liner; 

[0022] Figures 1 8a-18b diow the guide nose fiilly released and captured; and 

[0023] Figures 19a-19b show die em^ency release feature. 

DF^An Rn nPiSrP ^ON of THE PREFERRED EMBODIMENT 

[0024] Figure 1 illustrates a production casing 10 having a known landmg 
collar 12 and a standard float collar 14 as well as a casmg shoe 16 adjacent its lowo* 
end IS.Typically, in the past, the cem^ is pumped duough the casmg shoe 16 and 
then a dart or wiper is used to displace cemrat from the casing 10 and out 1faroug|i the 
shoe 16 and into the suirounding annulus. When the well is to be drilled deq)er, the 
shoe 16 is drilled out but residual cem^ could still be pies«t The presence of such 
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cement or shoe debris after drilling can affect the seal that is subsequmtly needed 
wh»i a liner is inserted and secured to &e casing 10. This is particularly a concern 
when the Uner is to be expanded to secure it to the casing 1 0 . 

[0Q251 The pres^ invention addresses dus concern with a sleeve 20 ^own in 
Figures 2 and IS. As shown in Figure IS, the production casmg 22 has a lower section 
24. Ibside section 24 is a sleeve 20 mounted |xeferably concmtrically and defining an 
annular space 28 that oontams an mcompressible material 30. Prefoably flie 
incompressible material 30 is loosely mounted sand but other materials can be used. 
The purpose of the material 30 is to allow flexing m response to increasmg 
hydrostatic pressures as the depth of the casing 22 moeases, when it is lowered into 
faiitial positioiL Sleeve 20 is preferably fiberg^ sealed at ends 32 and 34. Sleeve 20 
mitially covers locating recess 36 and long recess 38» which will later serve as the 
location for securing a tubular such as a Una by a varietyof mediods. The ptekaoA 
method of caq)ansi(Hi will be described m more detail below. Sleeve 20 is preferably a 
non-metallic or some other material that can be quickly drilled such as plastics or 
composites, to mention a few. During cemoating of the casing 22» the sleeve 20 has an 
mner surfece 40, which is contacted by the cement Ultimately a dart or wiper plug 42 
passes through casing 22 and lands on landing collar 12 (see Figure 4) to displace 
most of die cemcod out of the casing 22 and into the surrounding annuhis. The sleeve 
20 is subsequently drilled out allowing the incompressible material 30 to escape and 
exposing the clean locating recess 36 and die long recess 38 for subsequent 
attachment of a tubular as will be described below. The drilling r^oves a part of seal 
rings 42 and 46 without damaging die casmg 22 or lower section 24. 

[0026] Tlie mediod can be understood by begmning at Figure 3, where the 
casing 22 is mounted in the desired position for cementing in the wellbore 26. The 
assonbly mdudes landing collar 12 and float collar 14. Hie assembly shown in 
Figure IS is at the lower end of the assembly, but for danty only tiie sleeve 20 is 
refer^iced in the schematic illustration. 

[0027] Figure 4 shows that cement 48 has beoi displaced by plug 42 landing 
on landmg collar 12. As a result, cement 48 is pushed dirou^ sleeve-20^ through run 
in shoe 50 and into aimulus 52. 



4 



wo 2004/072436 



PCT/US2004/002815 



[0028] In Figure S, a drill string 54 with a bit assembly 56 has been advanced 
tfux>ug^ the casing 22 and has milled out the wiper 42 and ttie sleeve 20 to expose 
locating recess 36 and long recess 38. The mcompressible material 30 is released and 
circulated to the sur&ce with the drill cuttings fix>m the action of bit assembly 56. 

10029] Figure 6 illustrates fee enlarging of fee new section of wellbore 58 to a 
new dimension 60 using an under-reamer or an RWD bit 62. Dependmg on fee nature 
of fee bit assembly 56, fee wellbore 60 can be created m a smgle trip in fee hole or in 
multiple trips. Figure 7 shows fee drilling of wellbore 60 complete and fee string 54 
and bit assembly 56 removed from fee wellbore 60 and stored at fee surfece. 

[0 030] Figure 8 shows a lunnmg strmg 64 feat stqpports a liner or ofeer tubular 
66 at lockmg dogs 68. The assembly finfeer comprises an anchor 70 wife slq)s 72 that 
are prefeabiy pressure sensitive to extend slips 72 and allow feem to retract Vibca 
pressure is removed Also hi the assembly is a piston ahd cylinder combmatibn 74 
that drives a swage 76, in response to pressure qyplied to fee piston and cyimdo- 
combination 74. hiitially^ as illustrated in Figure 9, pressure is applied to extend fee 
sSps 72 and drive down fee swage 76 as illustrated sdionatically by arrows 78. The 
upp^ end 80 of fee tubular 66 is expanded mto long recess 38 for support fiom casmg 
22. As swage 76 stroked mou^ to suspend the tubular 66 to casmg 22 fee dogs 68 
become undomined and release feeir gPP on tubular 66. As shown in Figure 10, fee 
dogs 68 have released and fee slips 72 have been released. When weight is set down 
at fee sur&ce, after internal pressure is removed, fee piston and cylinder combination 
74 is re-cocked for anofeer stroke for swage 76. Figure 11 shows fee subsequent 
stroking, fiirfeer expanding fee tubular 66. Optionally, one or more open hole packers 
82 can be used to ultimately make sealing contact in wellbore 60 after expansion. 

[0031] Figure 12 illustrates fee continuation of fee movraient of fee swage m 
response to i^lied sur&ce pressure to anchor 70 and piston and cylinder combmation 
72. Those skilled in fee art will eppreds^ that force ma^iification can be 
incorporated into piston and cylind^ combination 72 and a greater force can be 
applied to swage 76 at fee beginning of eadi stroke as compared to fee balance of 
eadi stroke. These features were disclosed in co-pending U.S. application Smal 
Number 60/265,061 whose £Qing date is February 11, 2002 and whose contoits are 
fiilly incorporated herein as if fully set forth. However, ofeer tedmiques can be used 
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for swaging or even to secure the tubular 66 to long recess 38 or anotlier location 
initially covered by a sleeve sudi as 20 during cemaiting of Ae casing 22, wWiout 
dqiarting fiom the invention. 

[00321 Eventually, the runmng string 64 oqiands the open hole padccrs 82 
mto sealing contaa with the weUboie 60 as it ^proaches the im in s^^ 
near the lower aid 86 of tubular 66. A graspmg mechanism 88 is shown schraiatically 
at ti^ lower end of runmng string 64. Contact is made and the run m shoe 84 is 
grabbed by medianism 88. Swagp 76 expands lowo* Old 86 of 
that the nm m shoe is released. Whoitfae string 64 is removed fium tibie wellbore 60 
and to the surfisu^e, it takes with it fte andior 70, the piston and cylmder ccxnbmation 
74 and the run m shoe 84, leaving a large openmg 90 in the lower end of tubular 66, 
as shown in Figure 14. Those sidlted m the art wiU 

fidlitates ms^on of the tubular 66 by presentmg a blunt nose as Oe tubukr is 
mitially advanced mCo position, as shown m Figure 8. It has a valve in it to allow 
drculation to ftdlitate msation of flie tubular 66. Removal of the run m shoe 84 as 
described above presents a large opoung m the lower end of the tubular 66 to 
&cilitate subsequent drilling operations or other completion techniques. 

(00331 Figures 16-19 show the grasping mechanism 88 m greater detaU. It has 
atop sub 100 connected at thread 102 below dogs 68. Top sub 100 is connected to 
mandrel 104 at ttiread 106. The nm hi shoe 84 is attadied to tubular 66 by virtue of 
split ring 108 held agamst rotation by pm 110, which extends fixmi shoe 84. Threads 
112 on ring 108 mesh with threads 114 on tubular 66. Rmg 116 holds ring 112 m 
po^on on shoe 84. Shoe 84 has a groove 118 and a stop sur&ce 120. Top sub 100 
has a surbce 122 that lands on sur&ce 120 as the gracing mechanism 88 advances 
~ with the swage 76. When surficem hits sur&ce 120 the tubular 66 has not ^ ' 
expanded. Mandrel 104 has a series of grouping collets 124 diat land in groove 118 
when surfiu:es 120 and 122 connect When fliis happens, as shown m Figure 16a tiie 
coU^ aie aligned with recess 126 on mandrel 104 so diat fbey can rater recess 1 18 m 
jdioe 84. Mandrel 104 has a rmg 128 held on by shear pins 130. When a downward 
force is applied to shoe 84 through the contact between surfices 120 and 122, ttireads 
112 and 114 shear out and the shoe 84 drops down and is captured on ring 128. At 
tfiis pomt, shown m Figure 17a, surfoce 132 on mandrel 104 supports collets 124 m 
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groove 118. Hie shoe 84 is now captured to Ae mandrel 104. As Ae mandrel 104 
moves down in tandem with the swage 76, the tubular 66 is eaqwuded to bottom. 
Thereafter, ihe swage 76 and fte grasping mechanism 88 and the attadied shoe 84 can 
all be r^noved to fbs surfec^ as shown m Figure 18a. If, for any reason the shoe 84 
feils to release fiom the tubular 66 or ge«s stuck on Ae way out to the sur&ci^ a pull 
on the string 64 shears out pms 130, allowing the collets 124 to become unsupported 
as surfece 134 is preswited opposite recess 118 as shown m Figure 19a. TTiose skilled 
in the art will appreciate that oflier devices can be used to snare tbs shoe 84 as the 
swage 76 advances. The ability to rwnove shoe 84 is advantageous as it removes the 
need to mill it out and fiirthw reduces tfie ride of flie shoe 84 amply tunung m 
re^Kmse to a millkg e£Ebi^ once it is no Icmgn held against rotation by the now 
expanded tulnilar 66. 

[0034] Those skilled m the art will now ^jpreciate the advantages of the 
presait mvention. The sleeve 20 shields subsequent mounting locations for the tubular 
66 on casmg 22 fiom contamination witii the cement 48 used to seal the casmg 22. 
Thus regardless of the mdhod of sealed attachment between the tubular 66 and the 
casing 22, thwe is a greato: assurance that the proper sealmg support will be obtdned 
wi&out concern that cement may have fouled the mounting location. The assembly 
mchiding Ae sleeve 20 is compliant to duinges m hydrostatic pressure resulting fiom 
advancement of tiie casing 22 downhole. At ttie conclusion of expansion or other 
technique to secure tubular 66 to casmg 22, Ae lower end of the tubular 66 is left 
open as the run in shoe 84 is retrieved. 

[0035] The for^mg disclosure and description of Ae invention are 
illustrative and e}q>Ianatoiy tiiereoC and various dbanges in tiie size, sh^ and 
materials, as weO as in the details of the iDustrated construction, may be made without 
deiMuting fiom flie spirit of tiie mvention. 
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Wedaim: 

1. A casing Aoe for dofwnhole use, conqxrising: 

a body having at least one internal recess and a passage tfa^ednougt^ 
a covor mounted over said recess to protect said recess fiom debris 
accumulaticm resulting fiom cementing said body downhole; 

said cover removable subsequent to cementing of said body to expose said 

recess. 

2. Hie shoe of claim l^wheretn: 

said cover is sealed to said body to define an ^closed annular space adjacent 
sdd recess. 

3. The shoe of claim l.'Ofdimin: 

said annular q>ace coxitams an incompressible inaterial. 

4. The shoe of claim 3,^errai: 

said incompressible material is loosely padced. 

5. The shoe of claim 4,vvfaaem: 

said cover is allowed to floe respcnsive to dianging pressure conditions as 
said bo^ is hitroduced downhole as a result of shifting of said incompressible 
mateial. 

6. The shoe of claim 5»i;Amin: 

sud cover is removed by drilUng throu£^ said shoe whidi allows said loosely 
packed incompressible matmal to be removed fiom adjacent said recess. 

7. The slioe of claim l^fintfao' conq>rising: 

atubular mserted tiuoug^ said dioe after removal of said cover for attachmrat 
to said recess. 

8. The shoe of claim 7,wherdn: 
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said tubular is attached to said recess by expansion. 

9. The shoe of claim 8,wherem: 

said body has a drift diameter outside of said recess and said tubular, after 
expansion into said recess, has a drift diameter at least as large as said drift diameter 
m said shoe outside of said recess. 

10. The shoe of claim 8,fiu1her comprising: 

a run in shoe at a lower end of said tubular that is released fiom said tubular 
by said expansion for r^eval throu^ said body. 

11. A well completion method, comprismg: 
runnmg in a tubular havmg a shoe at its lower ad; 
providing a sleeve to cover a recess in said shoe; 
cementing tfae.tubular downhole; 

removmg the sleeve after said cemrating to expose said recess. 

12. The method of claim 11, comprising: 

ca-eating a sealed annular space around said recess with said sleeve. 

13. The mediod of chum 12, comprising: 

allowing said sleeve to flex m response to changing differential pressures 
aooss it as the ^ow is lowmd in the wellbore. 

14. The method of claim 12, comprising: 

providing an incompressible mat^al in said annular space. 

15. The meOiod of claim 14, comprising: 
loosely packing said mcompressible material. 

16. The mediod of claim 15, comprismg: 

drilling out said sleeve after said Cfflienting; and 

rraiovmg said incompressible matmal with the drill cutdngs. 
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17. The m^od of claim 11, comprising: 

ins^rdng a tubular string after removal of said sleeve; 

expanding said tabular string into said recess for support 
18« The method of claim 17, comprising: 

providing a drift diameter §x said tubular string after said raqransion at least as 
large as flie drift diameter of said shoe outside of said recess. 

19. The mediod of claim 17, comprising: 

connecting a run in shoe to the lower ^d of said tubular string for run m; 
releasing said run in shoe fiom said tubular string by said expancUng; and 
retrieving said run in shoe to tiie sur&ce. 

20. The method of clabn 19, comprising: 

delivering said tubular string on a run in string fiirtfaer comprising a swage, a 
releasable anchor and a retrieving tool; 

releasing said tubular string and said run in ^oe fiom said nm in string by 
driving said swage while it is selectively supported by said andior; 

capturing said run m shoe for retum to the sur£EU^ with said anchor and said 
swage as said run in string is rmioved. 
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